ABSTRACT BACKGROUND: Understanding the complex interaction of risk factors that increase the likelihood of developing common diseases is challenging. The Canadian Partnership for Tomorrow Project (CPTP) is a prospective cohort study created as a population-health research platform for assessing the effect of genetics, behaviour, family health history and environment (among other factors) on chronic diseases.
study assessment centre for all study measures (questionnaire, venous blood sample and physical measurements) or completion of the core questionnaire (online or paper), with later collection of other study measures where possible. Physical measurements included height, weight, percentage body fat and blood pressure. Participants consented to passive follow-up through linkage with administrative health databases and active follow-up through recontact. All participant data across the 5 regional cohorts were harmonized.
RESULTS:
A total of 307 017 participants aged 30-74 from 8 provinces were recruited. More than half provided a venous blood sample and/or other biological sample, and 33% completed physical measurements. A total of 709 harmonized variables were created; almost 25% are available for all participants and 60% for at least 220 000 participants.
INTERPRETATION:
Primary recruitment for the CPTP is complete, and data and biosamples are available to Canadian and international researchers through a dataaccess process. The CPTP will support research into how modifiable risk factors, genetics and the environment interact to affect the development of cancer and other chronic diseases, ultimately contributing evidence to reduce the global burden of chronic disease.
C
hronic disease prevention and individualized disease management are central to public health in the 21st century. 1, 2 However, the multifactorial etiology of most chronic diseases demands that we increase our understanding about how biology, genetics, environment and behaviours interact to affect disease risks and outcomes. Prospective cohort studies that track individuals over decades are important tools for exploring these complex interactions. 3 One such tool is the Canadian Partnership for Tomorrow Project (CPTP) -a pan-Canadian prospective cohort that was envisioned in 2008 as a "population laboratory" 4, 5 to support Canadian and international population health research in evaluating the genetic, behavioural and environmental causes of cancer and other chronic diseases.
The CPTP set out with an ambitious goal to recruit 300 000 participants from 8 Canadian provinces, 4 and to obtain a venous blood sample for biobanking from as many participants as possible. It is the largest prospective cohort ever created in Canada, and baseline data are now available to Canadian and international researchers. The aim of this article is to provide a baseline cohort profile of the CPTP, summarizing key sociodemographic, behavioural and health-related characteristics of the participants. We summarize the CPTP design and participant recruitment, the harmonization of the core data, the biorepository, and the procedures established to support data sharing with researchers.
Methods

Study design
The CPTP study design has been described elsewhere. 4 The primary inclusion criteria were that participants must be aged 30-74 years at recruitment (initially the age range was 35-69 yr), a resident in 1 of the 8 collaborating provinces (Nova Scotia, New Brunswick, Prince Edward Island, Newfoundland and Labrador, Quebec, Ontario, Alberta and British Columbia) and able to complete questionnaires in English or French. The project was, from the outset, a confederation of 5 regional studies that leveraged existing and new investment to create a research platform based on a model similar to that used for the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort. 6 Following confirmation of funding in 2008, the study protocol, the core questionnaire and the standard operating procedures for obtaining physical measurements and biological specimens were developed. All participating regions began recruiting using the CPTP protocol in 2009. A range of recruitment and enrolment activities were used across 2 major approaches to obtain data from participants (Table 1) . Note: CPTP = Canadian Partnership for Tomorrow Project, PATH = Partnership for Tomorrow's Health. *Physical measurements were obtained using the following instruments: Seca stadiometer to measure height and sitting height, Lufkin steel tape to measure waist and hip circumference, Tanita BC-418 body composition analyzer to measure weight and percentage body fat, Jamar dynamometer or Baseline digital hydraulic hand dynamometer to measure grip strength, and Omron HEM907XL to measure blood pressure.
The first approach was based on participants visiting a study assessment centre, where they completed the core questionnaire, and provided blood and urine samples and a range of physical measurements, including height (standing and sitting), weight, waist and hip circumference, blood pressure, grip strength and percentage body fat measured using bioimpedance (Box 1). The use of study assessment centres in fixed locations was determined to be resource intensive and financially unsustainable. A 2010 evaluation concluded that to ensure the recruitment target of 300 000 participants would be met within the available budget, an additional "distributed" recruitment and enrolment approach was required.
The second approach to recruitment was established in 2011 and introduced a 2-stage process by which participants first completed the core questionnaire (either online or paper), with the collection of a baseline blood sample scheduled for a later date for those able to attend an assessment centre or bloodcollection facility. When possible, physical measurements were also captured at the time of blood draw. This second approach provided opportunities for populations in rural areas and those who were unable to attend study assessment centres (typically in urban locations) to participate.
Core data and biosamples collected
The CPTP questionnaire included sociodemographic information, health information, behavioural and environmental factors, and self-reported anthropometric information (i.e., height, weight, and waist and hip circumference) (Box 1). Residential address, including postal code, was collected for most participants, allowing for future linkage of participant information to geospatial and environmental data sets.
During attendance at an assessment centre, or bloodcollection facility, a phlebotomist drew a nonfasting blood sample via arm antecubital venipuncture, either at or close to the time of enrolment or during a blood-collection follow-up phase. Urine samples (spot), collected in a sterile cup without preservatives, were often collected at the same time as blood. All regions collected a limited number of saliva samples, either by participants spitting into a sterile cup or using Oragene DNA saliva kits from DNA Genotek. Three regions (Atlantic PATH, Alberta's Tomorrow Project and CARTaGENE) collected dried blood spot samples on Whatman FTA cards from some participants. Atlantic PATH also collected toenail clippings.
Biosamples available in the regional biorepositories include SST (serum separator tube):serum, EDTA (ethylenediaminetetraacetic acid):plasma, EDTA:red blood cells, PST (plasma separator tube):plasma, cryopreserved whole blood, urine and toenails (Atlantic PATH only). DNA will also be made available from collected blood and saliva samples.
In 2014, a DNA quality-assurance exercise was undertaken to evaluate the efficacy of DNA obtained from the CPTP. A random selection of 1152 DNA source samples (buffy coat, whole blood, Whatman FTA cards) collected by each region during the different enrolment phases was selected for DNA extraction and analysis. A single laboratory was selected to perform the extraction and analysis. DNA was extracted using the Qiagen FlexiGene DNA kit following manufacturer instructions. DNA concentration was determined using PicoGreen (Invitrogen) according to manufacturer instructions. A nested β-globin polymerase chain reaction (PCR) protocol was selected for assessing the DNA quality. 9 
Data access
Project participants provided consent to passive follow-up through linkage with administrative health databases (e.g., cancer registries, vital statistics and provincial health insurance databases), to active follow-up (e.g., additional questionnaires and biological sample collection to enrich the baseline data), and to receive invitations to participate in other health-related research studies. Central to the concept of the population laboratory, participants consented to the future sharing of their deidentified data and samples with health researchers to support studies advancing knowledge in the etiology and outcomes of cancer and chronic disease. A centralized online system was instigated for the CPTP that allows researchers who want to obtain core questionnaire data or biosamples from 2 or more regions to benefit from a "one stop shop" process for access requests. Detailed policies and procedures for review of data and sample requests are available, and access applications are currently handled via an online data and sample access portal (https://portal.partnershipfortomorrow.ca).
Statistical analysis
To assess the representativeness and generalizability of the CPTP cohort, various sociodemographic variables were compared with data for the Canadian population, 10 for a similar age range, using the standardized difference method. 11 An absolute standardized difference of 0.1 or less was interpreted as indicating no difference between the CPTP cohort and the Canadian population. The prevalence of common chronic diseases in the CPTP was compared with nationally available data for the prevalence of these diseases in a comparable age range. 12, 13, 14 Both Alberta's Tomorrow Project and CARTaGENE had begun recruitment before the formation of the CPTP. Furthermore, logistical constraints during the initial period of study design (2009) and the introduction of a revised recruitment approach (2010/11) meant a number of versions of the core questionnaires were administered at different periods. To ensure that use of the CPTP core data are seamless, a rigorous data harmonization process was undertaken, described in detail elsewhere (unpublished data, 2018). 15 The scale of the CPTP cohort (in excess of 300 000 participants) from a population of 35 million in Canada reflects the need for adequate statistical power to support research questions that address the multifactorial interactions that underlie the chronic diseases that the CPTP will address. Provincial age-and sex-specific incidence rates for a number of cancers and other chronic diseases were applied to provincial age-and sex-specific participant counts in the CPTP to estimate the number of incident cases of common chronic diseases occurring in the CPTP during follow-up, accounting for the expected number of deaths.
Ethics approval
In the Canadian legal system, issues related to participant consent, privacy, confidentiality and research ethics are within the provincial domain. To maintain the highest standards of privacy and confidentiality that were consistent with provincial legislation, the Tri-Council Policy Statement and best practices for cohort-based research platforms, an ethics, legal and social issues committee was established. This committee informed, among other mandates, the development of regional consent forms and national access processes, as well as the conformity of CPTP processes with Canada's Tri-Council Policy Statement. 4 
Results
To date, the CPTP has successfully recruited 307 017 participants from 8 provinces, with venous blood samples obtained from 150 611 (49.1%) ( Table 2 ). Additionally, 33.7% of participants have had physical measures taken (i.e., height, weight and percentage body fat).
Harmonization of the core questionnaire data was completed in December 2015. The number of participants for whom data are available varies by harmonized variable, depending on the version of the questionnaire used. From the 709 harmonized variables created, 23.4% were constructed for all participants and 58.7% were generated for at least 220 000 participants.
Estimates of incident cases of common chronic diseases, accounting for expected number of deaths, occurring in the CPTP cohort during follow-up are provided in Appendix 1 (available at www.cmaj .ca /lookup/suppl/doi:10.1503/cmaj.170292/-/DC1). These estimates suggest that the CPTP is adequately powered for many common and less common chronic diseases.
Cohort profile
Similar to most large population-based cohort studies, the establishment of the CPTP relied on volunteers. For some characteristics -namely educational attainment, low income, working status and specific ethnicities -the cohort is unbalanced compared with the general population (Figure 1) . Overall, more women (61.6%) than 26 .1% of participants were younger than 45 years (Appendix 2). In comparison to the general Canadian adult population, the CPTP participants were more highly educated, with substantially greater numbers completing a graduate-level education and significantly fewer with less than a high school education; however, given the size of the CPTP, there is considerable variation in this sociodemographic variable ( Figure 1 , Appendix 2). Only 6.3% of participants had incomes less than $25 000, significantly lower than the national percentage, although the proportions with higher incomes were similar to national statistics ( Figure 1 , Appendix 2). Participants were predominantly white, reflecting the Canadian population, but the proportion of Aboriginal/Indigenous and Asian participants was not representative (Figure 1) compared with the general population, and fewer reported being unable to work or being unemployed (Figure 1 ). There were minor variations in frequency distributions for a range of self-reported chronic diseases between the CPTP regions (Appendix 3, available at www.cmaj.ca/lookup/suppl/doi:10.1503/ cmaj.170292/-/DC1). Overall, proportions of participants reporting a diagnosis of a common chronic disease -for example diabetes (7.2%), hypertension (22.6%), arthritis (22.3%) and asthma (12.1%) -were comparable to Canadian estimates of these conditions (8.6%, 23.3%, 20.6%, 7.9%, respectively) in the similar age group of 45-64 years. There was greater regional variation in participants with a previous diagnosis of cancer. Overall, self-reported perceived quality of health reflects the national statistics for this age group, although there was some minor variation in perceived health status between regions (Appendix 3). For example, in Quebec considerably fewer participants rated their overall health as excellent or very good compared with elsewhere. Obesity was very prevalent; 36.4% of participants were overweight and 25.1% were obese, similar to national statistics for this age group (Appendix 3). However, there was considerable variation in overweight and obesity between regions, with the highest rates in Atlantic Canada and the lowest rates in BC, consistent with the east-west obesity gradient reported in national surveillance data. There was a markedly lower proportion of current daily smokers in CPTP (9.6%) compared with national data (19.2%). A minority of CPTP participants (21.3%) consumed 7 or more servings of fruit and vegetables per day, similar to national statistics for consuming 5 or more servings per day. Multimorbidity was common in the CPTP, with 26.2% reporting 2 or more chronic diseases. Clustering of 4 unhealthy lifestyle behaviours (low physical activity, current smoking, alcohol consumption almost daily, ≤ 3 fruit/vegetable servings per day) was common, with 19.2% of participants reporting 2 or more unhealthy habits.
DNA sample quality
Quality and yield results of the 2014 DNA quality-assurance exercise for the biobank are presented in Appendix 4 (available at www. cmaj.ca/lookup/suppl/doi:10.1503/cmaj.170292/-/DC1). DNA was successfully extracted on all but 1 sample, with more than 98% having all 4 PCR products amplified, showing the high quality of the DNA obtainable and confirming its future utility for chip-based arrays and sequencing.
Interpretation
Primary recruitment for the CPTP is complete, and data and biosamples are available to Canadian and international researchers through a data-access process. The CPTP will support research into how modifiable risk factors, genetics and the environment interact to affect the development of cancer and other chronic diseases, ultimately contributing evidence to reduce the global burden of chronic disease.
Participant follow-up will ensure that the CPTP is a longitudinal cohort. As noted, follow-up is taking a number of forms, including both active (recontact for completion of additional questionnaires) and passive (linkage to provincial health insurance databases and disease registries to identify physiciandiagnosed incident cases of disease). The first follow-up questionnaire was piloted in the summer of 2016 and administered 2016-2018. This included questions on health and behaviours that were asked in the core questionnaire to collect updated information that will support longitudinal analysis. It is anticipated that these data will be available in 2018.
Study participants have consented to linkage to their health data held in administrative health databases. All regions are actively engaged in working through the complex processes that will provide important information on cancer and other chronic disease incidence and health care use, and to allow this information to be made available for researchers. 16 In all regions, access to some administrative health data linked to baseline questionnaires and biosamples is available via a regional cohort access request.
The CPTP has collected data and samples from populations across the diverse geography of Canada. The scope and scale of the CPTP provides a comprehensive chronic disease research platform that will enable both Canadian and international researchers to model health trajectories that take into account complex interactions between phenotypes, genotypes and environmental exposures. Noncommunicable chronic diseases result from the interaction of a multitude of factors, which on their own may have only modest effects. Large prospective populationbased cohorts provide a basis for exploring the complex multifactorial etiologies of chronic diseases. A cohort of more than 300 000, linked with administrative health databases, also provides scope for diseases surveillance across a geographically diverse population, which will support public health decisionmaking. There is also great potential for ancillary follow-up studies that use CPTP participants to test public health interventions and other health behaviour change initiatives.
The CPTP is a unique resource for Canada and other nations. It is characterized by a large sample drawn from across vastly differing regions of Canada -over half of whom have provided a blood sample or other DNA containing biosample -with physical measurements obtained from many. The CPTP is thus well positioned to support research to identify disease pathways and currently unknown interactions in these disease pathways. Such research is crucial in identifying targets for disease prevention and disease treatment. 17 The CPTP is an important platform for the identification of biomarkers (using "omics" and other high throughput technologies) 18 for the early detection of disease, thereby supporting the development of the tailored disease prevention and therapeutic approaches envisaged under the precision medicine concept. 19 The CPTP is similar in scope and scale to other national longitudinal population health cohorts, such as the well-established UK Biobank, 20 which includes 500 000 participants aged 40-69 years, and the German National Cohort, 21 which is currently in recruitment phase. Large population-based cohorts are essential to more fully understand the complex etiology of cancer and other chronic diseases.
22,23
Limitations
The voluntary recruitment to the CPTP may affect the external validity of the study and limit generalizability, although the standardized data capture tools help ensure internal validity. A strength of the cohort study design is that all analytic comparisons are internal, which limits selection and information bias, 24 and because of the large sample size there is heterogeneity in many important sociodemographic variables, which supports generalizability to larger populations.
While the voluntary nature of the CPTP has resulted in a more highly educated and slightly more affluent population compared with the general public, the prevalence of common chronic diseases and obesity -similar to national rates -and occurrence or multimorbidity and unhealthy habits indicates that the "healthy volunteer effect" 24 is unlikely to substantially influence long-term disease outcomes in CPTP, with the exception of smoking-related disease.
The greater regional variation observed in participants with a previous diagnosis of cancer likely reflects difference in participant recruitment and outreach, as opposed to regional variation in the prevalence of cancer; for instance, self-reported cancer rates were highest in British Columbia, which generally has the lowest rates of cancer in Canada. 25 A common questionnaire was used across the CPTP, and hence it is unlikely that participants in different provinces would report cancer differently.
In common with the UK Biobank, 26 EPIC 27 and other large population-based cohorts, 28, 29 it was not feasible to collect only fasting samples from population-based participants, many of whom would be more likely to come for blood draw in the late afternoon or evening. Therefore, nonfasting samples were collected and participants were asked when they last ate or drank; this enables identification of subsets that will be likely to meet researchers' criteria for specific assays. The decision to collect nonfasting blood samples does not diminish the value of the CPTP biobank, as these samples can be used for many different assays. For example, nonfasting measures of specific lipids (highdensity lipoprotein [HDL] cholesterol, total:HDL cholesterol ratio, apolipoprotein A-1 and triglycerides, have been shown to be highly effective predictors of cardiovascular disease risk. 30 In relation to diabetes diagnosis, the measurement of hemoglobin (HbA 1C ) is becoming standard practice and does not require fasting. 31 Further, many inflammation-related biomarkers can be assessed in nonfasting blood samples.
32
Conclusion
The CPTP has successfully created a large population health laboratory containing data for more than 300 000 Canadians aged 30-74 years, with baseline data, longitudinal follow-up data, measurements and biosamples available to researchers via an access process. As the CPTP matures over the next several decades, some participants will develop cancer, heart disease and other chronic health conditions, some will die, and some will remain disease-free. Given adequate ongoing funding participants will provide additional information and biological samples, and disease-specific end points and health care use will be identified from linked administrative health databases. Future nested case-control studies will allow investigators to combine the health, environment and behavioural information and biological samples -collected at baseline and follow-up -to elucidate interactions between factors that cause chronic diseases. Importantly, the CPTP is a platform that is sufficiently large and comprehensive to allow Canada to participate as an equal partner in the extremely large consortia that are needed to study geneenvironment, gene-gene and environment-environment interactions in the etiology of cancers and other chronic diseases.
